To determine the time course for changes in aerobic capacity, body weight (BW), and composition in overweight adults in response to a supervised exercise trial with a targeted energy expenditure of 2000 kcal week À1 . DESIGN: The Midwest Exercise Trial (MET) was a randomized, controlled, 16-month verified, supervised exercise trial. Aerobic exercise progressed to 45 min day À1 , 5 days week À1 over 6-months and was then maintained for 10 months. Controls maintained their normal physical activity and all participants maintained ad libitum diets. SUBJECTS: A total of 131 participants were randomized to exercise or control groups and 74 completed the intervention and all laboratory testing. MEASUREMENTS: At baseline and months 4, 9, 12, and 16, aerobic capacity (VO 2max ) was measured by indirect calorimetry, BW by digital scale, and fat weight and fat-free weight by hydrostatic weighing. RESULTS: Aerobic capacity (ml kg À1 min À1 ) increased (Po0.05) from baseline (39.275.2, mean7s.d.) to 9 months (48.874.3) in exercising men as well as women (32.874.2-39.675.5) with no significant changes occurring at 12 or 16 months. From baseline to 9 months BW (94.0712.6-88.779.7 kg) and fat weight (26.876.8-21.874.5 kg) significantly decreased in exercising men with no changes occurring at 12 or 16 months. There were no changes in fat-free weight across the 16 months for exercising men or for BW or composition in exercising women. Further, there were no significant changes for the control men for aerobic capacity, BW, or body composition across 16 months. Women in the control group showed significant increases in weight of 2.975.5 kg and fat weight of 2.174.8 kg at 16 months only. CONCLUSIONS: We recommend that investigations that use exercise without diet as the stimulus for weight loss have at least a 9-month duration to provide sufficient time for the full effects to be realized, should such effects be present.
Introduction
Obesity is a chronic disease that is associated with diabetes, hypertension, cancer, and cardiovascular disease. The causes of obesity include genetic influences, the environment, neurological, physiologic, biochemical, cultural, and psychosocial factors. [1] [2] [3] [4] Treatments to diminish obesity vary, but they ultimately rely on establishing a negative energy balance. Exercise has been recommended by most major health organizations in conjunction with obesity treatment; however, the amount of weight loss due to exercise has been modest. 5 Some investigators have suggested that exercise produces a relatively small energy deficit and needs to be applied long term of at least 1 y to generate weight loss. 6, 7 However, most exercise studies have been of relatively short duration of less than 6 months, and do not allow for determining if weight loss will increase with an extended duration of treatment.
In addition to the absence of long-term studies, the lack of verification of the amount of exercise and the energy equivalent of the exercise is problematic. It is known that individuals over-report the amount of exercise they complete, and this may be related to body mass index (BMI). [8] [9] [10] Thus, exercise studies with overweight and obese individuals may over report the amount of exercise completed, and therefore diminish the effects of exercise on weight loss.
Short-term studies, along with the lack of verification of the amount of exercise, make it difficult to determine the time course for the expected response to exercise such as changes in aerobic capacity, body weight (BW) and body composition. We report the time course for changes for these variables from a 16-month exercise trial that had a targeted energy expenditure of 2000 kcal week À1 and verified all of the exercise.
Methods

Participants
The Midwest Exercise Trial (MET) was initiated at The University of Nebraska-Kearney in 1996 and was transferred to The University of Kansas in 1997 when the investigators relocated (Dr Donnelly, Dr Jacobsen). Participants were recruited from the University of Nebraska-Kearney, The University of Kansas, and their respective surrounding communities, and were compensated for their participation in this project. In all, 131 participants were initially randomized to exercise (n ¼ 87) or control (n ¼ 44) and 74 participants completed the entire study (exercise group, n ¼ 41; control group, n ¼ 33). The baseline characteristics of the 74 participants who completed the study are shown in Table 1 , 45 min session À1 at 75% of HRR at 6 months, and this level was maintained until 16 months. The resting heart rate value used for calculating HRR was obtained at the radial artery for 15 s after the participant rested in a supine position for 5 min. The 15-s value was then multiplied by four to obtain the heart rate per minute. The targeted energy equivalent of exercise was B400 cal session
À1
(B2000 cal week
) and this is in agreement with the recommendations of the American College of Sports Time course and gender effects on body composition EP Kirk et al Medicine for exercise programs designed for weight reduction as well as the recent position statement regarding appropriate strategies for weight loss and prevention of weight regain for adults. 13 All exercise training was performed under direct supervision of research personnel. Unsupervised exercise training was not permitted.
The participants reported to a research assistant prior to the initiation of any exercise and remained in the supervision of the research assistant throughout the exercise session. The research assistant was responsible for verification of each exercise session. Since exercise intensity may not be ascertained by observation, target heart rates were verified during each exercise session by use of a Polar Heart Rate Monitor (Accurex Plus, Woodbury, NY, USA). The level of energy expenditure, achieved during the exercise sessions, was measured during at least two exercise sessions by indirect calorimetry at B4-month intervals. Maximal treadmill testing was completed at baseline and subsequently at B4-month intervals to allow modification of the exercise prescription as changes in aerobic capacity occurred.
Serial measurements
Aerobic capacity, BW, fat weight, and fat-free weight were obtained at baseline and at months 4, 9, 12, and 16. Energy expenditure of exercise (EE) was measured at weeks 5, 13, 30, 39, 52, and 66 of exercise.
Assessments
Aerobic capacity Aerobic capacity was measured on a motor-driven treadmill. The participants walked to volitional exhaustion using the Balke treadmill protocol.
14 Expired gases were measured throughout the duration of the test using standard indirect calorimetry (model 2900, SensorMedics Metabolic Cart, Yorba Linda, CA, USA) that was calibrated prior to every test according to the specifications provided by the manufacturer. Heart rate and rhythm were monitored continually using a three lead electrocardiogram (Marquette Electronics, Milwaukee, WI, USA). The maximal exercise test was considered successful if oxygen consumption plateaued or the participant met three of the following four criteria 12 : (1) maximum heart rate within 20 beats min À1 of the agepredicted heart rate of 220 Àage, (2) a rating of perceived exertion greater than 17, (3) respiratory exchange ratio greater than 1.15, and (4) volitional exhaustion by the participant. Maximum oxygen consumption was determined as the highest value observed during the test.
Body weight BW was measured between the hours of 07:00 and 09:00 h using a digital scale accurate to 70.1 kg. The participants were weighed prior to breakfast and after attempting to void and wore a standardized hospital gown at the time of weighing. Energy intake Diet intake was ad libitum and was measured for energy and macronutrient composition at baseline and five other occasions at B3-month intervals during the 16-month study by weigh and measure techniques. 20 Each measurement consisted of a 2-week period where the participants ate ad libitum in the university cafeteria. Food consumption outside the cafeteria (ie snacks) was measured by multiple pass 24-h recall procedures that used food models and standardized, neutral probing questions. 21 Results from the weigh and measure approach and from diet recalls were entered into a computerized nutrition database for analysis (ESHA, Research, Version 7.1, Salem, OR, USA).
Body composition
Statistical analysis
Descriptive statistics were calculated at each assessment period for all dependent measures. There were differences between genders in baseline BW and body fat; therefore, all analyses were conducted by gender. Analyses were performed for the differences between exercise and control groups by during the first 30 weeks with no significant changes occurring beyond week 30 ( Figure 1 ). This corresponded to a total EE of B430 kcal session À1 from weeks 30 to 66.
Maximal aerobic capacity
Relative aerobic capacity may be observed in Tables 2 and 3 , respectively. Exercising men increased their relative aerobic capacity (ml kg À1 min
À1
) by 23% (Po0.05) in the first 9 months. A 13% increase was noted at 4 months (Po0.05), with an additional 10% increase between 4 and 9 months (Po0.05). No significant changes occurred thereafter. Exercising women increased aerobic capacity by 20% in the first 9 months with no further changes thereafter (Po0.05) ( Table 3 ). This occurred with a 10.5% increase between baseline and 4 months (Po0.05) followed by a 9.5% increase between 4 and 9 months (Po0.05). There were no significant changes at 12 or 16 months. Absolute aerobic capacity is shown in Tables 2 and 3 , respectively. The absolute aerobic capacity (l min
) followed a similar time course as that for the relative aerobic capacity . Table 2 shows that exercising men experienced an increase of 10% in the first 4 months (Po0.05) of exercise with an additional 7% increase at 9 months (Po0.05) for a total of 17% with no further changes thereafter. Exercising women increased their aerobic capacity in a stepwise fashion from baseline to 4 months by 11% (Po0.05) and from 4 to 9 months by an additional 10% (Po0.05) for a total of 21% at 9 months (Table 3) . No significant changes occurred at 12 or 16 months. There were no significant changes for relative or absolute aerobic capacity for either the men or women controls across the 16 months. Table 2 shows that exercising men decreased their BW from baseline to 4 months (2.9 kg, Po0.05) with an additional decrease from 4 to 9 months (2.4 kg, Po0.05) for a total of 5.3 kg for the first 9 months with no further significant changes at 12 or 16 months. Control men showed no significant changes in BW. No significant changes occurred in BW for exercising women from baseline to 16 months (Table 3) ; however, the control women increased BW 2.975.5 kg from baseline to 16-months (Po0.05). Time course and gender effects on body composition EP Kirk et al
BW
Fat weight
Exercising men significantly decreased their fat weight (FW) by 2.7 kg for the first 4 months during exercise (Po0.05). They lost an additional 2.3 kg of FW between 4 and 9 months for a total loss of 5.0 kg (Po0.05) over the first 9 months of exercise. No significant changes occurred beyond 9 months. No significant changes in FW occurred for control men. For exercising women there were no significant changes that occurred in FW across16 months; however, the control women had an increase in FW of 2.174.8 kg (Po0.05) ( Table 3 ).
Fat-free weight
As shown in Tables 2 and 3 there were no significant changes in fat-free weight for men or women in either the exercise or control groups across 16-months.
Energy intake
No significant differences were found for total energy intake for men or women in the exercise group or control group at baseline or any subsequent measurement period (Table 4) .
Discussion
Exercise is used for weight management in the effort to increase energy expenditure and promote a negative energy balance. The progressive design of the exercise protocol and improvement in aerobic capacity resulted in the completion of more work and greater energy expenditure from baseline to 16 months. Men increased their EE from 404 to 663 kcal session À1 and women increased from 280 to 443 kcal session À1 from baseline to 9 months, respectively.
The plateau for both aerobic capacity and the EE shown at 9-16 months was likely because of the protocol of the study. There was no planned increase of exercise beyond the initial 6 months as we wanted to test an amount of exercise that may be tolerated by a majority of the individuals. The targeted amount of EE of B400 kcal per session was achieved by week 5 for men and week 24 by women and adherence to this amount of exercise was excellent (B90%).
To be effective for weight management, exercise may have to be applied across long term to allow individuals to perform enough work to expend sufficient energy to impact weight. Bouchard and Rankinen 6 have suggested that overweight individuals may need as much as 2 y of exercise to be able to expend enough energy to provide weight Time course and gender effects on body composition EP Kirk et al maintenance or weight loss. To date, no studies have documented the long-term application of a known amount of exercise, measured at serial time points, to document the effects on aerobic capacity, BW, and composition in overweight individuals. Shorter-term studies do not allow the full estimation of the potential effects of exercise on aerobic capacity, BW, and composition since it appears that changes continue for at least 9 months in men and may take even longer for women. For example, a meta-analytic study by Ballor and Poehlman, 24 using 41 studies, showed a modest 1.3 kg weight loss in men over a 4-month period. In the present study, weight loss for men continued across 9 months to reach an average 5.2 kg. Thus, the literature that is dominated by short-term exercise studies may convey a message that does not reflect the real potential of exercise to alter weight in men. The results from short-term studies may diminish the general impression of the value of exercise to provide either weight maintenance or weight loss, since the accumulative effects are not fully realized.
The differential effects of exercise on BW and composition for men and women are noteworthy (Tables 2 and 3 ). Men lost B6% of their baseline BW and virtually all of the weight was fat weight. This level of weight loss approaches the National Heart, Lung and Blood Institute (NHLBI) 25 guidelines for risk reduction and this may suggest that the first level of intervention for weight loss in men should be exercise. In contrast to men, women did not lose weight as the result of 16 months of exercise. However, in accordance with the NHLBI guidelines for weight management, 25 the first objective is maintenance of current weight. In the current study, exercise with approximately 400 kcal of energy expenditure per session, completed 5 days w À1 , was sufficient to prevent weight gain in this at-risk population of women. Although women exercisers reached the targeted amount of energy expenditure, it is possible this amount was insufficient for weight loss. Exercise intensity was the same for both genders as determined by the protocol and heart rates were similar ( The suggestion that women might need to obtain an even greater amount of exercise to promote weight loss is not likely to be well received or executed and may in fact be a barrier, discouraging women from contemplating an exercise program. Alternatively, it may be useful to identify the characteristics of the women who did lose weight to better target those individuals who are most likely to benefit from exercise. It is possible that decreases in spontaneous activity may have occurred for exercising women measured by a physical activity questionnaire. 11 Spontaneous activity may account for a 15% variation in the 24-h energy expenditure 26 and has been shown to decrease in response to exercise. 27 We did not find a decrease in spontaneous exercise; however, overweight females have been shown to overestimate physical activity.
28
It is also known that women underestimate energy intake greater than men. We have previously shown that women underestimated energy intake 7% compared to men when plate waste was compared to doubly labeled water. 29 Although we found no increase in energy intake for women, some of the energy intake such as snacks were gathered from recall methodology and may have been underestimated.
It has been suggested that abdominal fat is better mobilized compared to gluteal fat. 30, 31 It has also been demonstrated that reductions in visceral fat are more pronounced compared with subcutaneous fat. [32] [33] [34] Since men generally have greater abdominal and visceral fat compared to women, it could be suggested that aerobic exercise contributed to the greater weight loss in exercising men compared to women. In in-vitro studies, adipocytes in the intra-abdominal cavity, such as omental or mesenteric Time course and gender effects on body composition EP Kirk et al adipocytes, have been shown to be metabolically active and highly sensitive to stimulation of lipolysis, 35, 36 possibly resulting in a greater facility for lipid mobilization in visceral fat than in subcutaneous fat locations. Finally, the application of the results from the current study to the general population will require considerable help from behavioral scientists to encourage adoption and adherence to a long-term exercise program that becomes part of an individual's lifestyle and can be maintained indefinitely. The benefits of exercise for weight control may be substantial, and efforts to translate research findings into programs that are accepted by a large segment of the population are needed.
In summary, with previously sedentary, overweight men and women, changes in aerobic capacity are evident across a 9-month duration. For men, changes in weight and fat mass also continued for a 9-month period before plateauing. However, there appears to be a maintenance effect for women undergoing an exercise program compared to a nonexercising control group who showed increases in both BW and fat weight at 16 months. Therefore, we recommend that investigations that use exercise without diet as the stimulus for weight loss have at least a 9-month duration to provide sufficient time for the full effects to be realized, should such effects be present.
